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DESCRIPTION 

Vehicle Drive System and Vehicle Provided with the Same 

5 Technical Field 

The present invention relates to a vehicle drive system and a vehicle provided 
with the same, and in particular to a vehicle drive system including a rotating electric 
machine and a vehicle provided with the same. 
Background Art 

10 In recent years, a compact and efficient motor has been sought as a motor for 

driving an electric vehicle, a hybrid vehicle and others. Research has thus been 
conducted on various motors such as a synchronous reluctance motor and an embedded 
magnet synchronous motor. 

Among these, Japanese Patent Laying-Open No. 10-150754 discloses an 

15 example of the reluctance motor, in which a slit provided at a rotor portion of a flux- 
barrier motor is designed to vary in width to improve efficiency. In particular, the 
patent document discloses in Fig. 7 that a slit is formed to have a width smaller at a 
leading position ahead of the magnetic pole center than at a trailing position, with 
respect to a rotation direction. 

20 When a motor is used for driving an electric vehicle, a hybrid vehicle and others, 

an important characteristic of the motor is that it performs regenerative operation. In 
the conventional method of improving performance, performance during power running 
has mainly been pursued, while performance during regenerative operation has hardly 
been pursued. 

25 As to the motor vehicle in particular, a battery is mounted thereon to serve as a 

direct current power supply for driving a motor, and hence its voltage fluctuations 
during power running and regenerative operation are not negligible. It is therefore 
required to improve performance in a well-balanced manner between power running and 
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regenerative operation in consideration of the voltage fluctuations. 
Disclosure of the Invention 

An object of the present invention is to provide a vehicle drive system capable of 
exhibiting performance in a well-balanced manner between power running and 
5 regenerative operation, and a vehicle provided with the same. 

To summarize, the present invention is a vehicle drive system, includes: a 
rotating electric machine structured to have a forward direction and a reverse direction 
as a rotation direction of an output shaft, a maximum output in the reverse direction 
being smaller than the maximum output in the forward direction; a battery discharging 
10 during power running of the rotating electric machine and being charged during 

regenerative operation of the rotating electric machine, voltage between terminals of the 
battery being increased while the battery is charged, and being decreased while the 
battery discharges; and a rotary shaft rotating in a direction allowing a vehicle to move 
forward in accordance with rotation of the output shaft in the forward direction. 
15 Preferably, the rotating electric machine includes a stator and a rotor having a 

shape that allows the maximum output in the rotation in the reverse direction to be 
smaller than the maximum output in the rotation in the forward direction. 

More preferably, the rotor has a plurality of salient pole portions, and each of the 
plurality of salient pole portions has a shape tilted with respect to an axis passing 
20 through a rotation center and orthogonal to the output shaft. 

More preferably, the rotor is provided with a flux barrier bilaterally asymmetric 
with respect to an axis passing through a rotation center and orthogonal to the output 
shaft. 

Preferably, the vehicle drive system further includes an inverter disposed on a 
25 path for receiving and distributing current between the battery and the rotating electric 
machine, and a control device obtaining rotation information from the rotating electric 
machine to control the inverter. The control device controls the inverter such that 
torque in the forward direction is generated in the rotor in accordance with an 
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acceleration instruction to allow the rotating electric machine to perform power running, 
and that torque in the reverse direction is generated in the rotor in accordance with a 
deceleration instruction to allow the rotating electric machine to perform regenerative 
operation. 

5 According to another aspect of the present invention, the present invention is a 

vehicle, includes: a vehicle drive system, and a wheel connected to a rotary shaft. The 
vehicle drive system includes, a rotating electric machine structured to have a forward 
direction and a reverse direction as a rotation direction of an output shaft, a maximum 
output in the reverse direction being smaller than the maximum output in the forward 

10 direction, a battery discharging during power running of the rotating electric machine 
and being charged during regenerative operation of the rotating electric machine, 
voltage between terminals of the battery being increased while the battery is charged, 
and being decreased while the battery discharges, and the rotary shaft rotating in a 
direction allowing a vehicle to move forward in accordance with rotation of the output 

15 shaft in the forward direction. 

Preferably, the rotating electric machine includes a stator and a rotor having a 
shape that allows the maximum output in the rotation in the reverse direction to be 
smaller than the maximum output in the rotation in the forward direction. 

More preferably, the rotor has a plurality of salient pole portions, and each of the 

20 plurality of salient pole portions has a shape tilted with respect to an axis passing 
through a rotation center and orthogonal to the output shaft. 

More preferably, the rotor is provided with a flux barrier bilaterally asymmetric 
with respect to an axis passing through a rotation center and orthogonal to the output 
shaft. 

25 Preferably, the vehicle drive system further includes an inverter disposed on a 

path for receiving and distributing current between the battery and the rotating electric 
machine, and a control device obtaining rotation information from the rotating electric 
machine to control the inverter. The control device controls the inverter such that 



-3 - 



torque in the forward direction is generated in the rotor in accordance with an 
acceleration instruction to allow the rotating electric machine to perform power running, 
and that torque in the reverse direction is generated in the rotor in accordance with a 
deceleration instruction to allow the rotating electric machine to perform regenerative 
5 operation. 

According to the present invention, it is possible to implement a vehicle drive 
system provided with a rotating electric machine in which a maximum output during 
power running and a maximum output during regenerative operation are well-balanced. 
Brief Description of the Drawings 
10 Fig. 1 is a diagram showing a configuration of a vehicle drive system 100 

according to the present invention. 

Fig. 2 is a cross section showing a shape of a first embodiment of a rotating 
electric machine 1 in Fig. 1 . 

Fig. 3 is a cross section showing a shape of a second embodiment of the rotating 
15 electric machine 1 in Fig. 1. 

Fig. 4 is a diagram showing a current-voltage characteristic of a battery 38 in Fig. 

1. 

Fig. 5 is a diagram showing an operational characteristic exhibited when a 

maximum output of a rotating electric machine used for the present invention is 
20 controlled. 

Fig. 6 is a diagram showing an operational characteristic exhibited when a 

maximum output of the rotating electric machine used for the present invention is 

controlled in consideration of voltage fluctuations of a battery. 

Best Modes for Carrying Out the Invention 
25 The embodiments of the present invention will hereinafter be described in detail 

with reference to the drawings, in which the same or corresponding portions are 

designated by the same reference characters, and the description thereof will not be 

repeated. 
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Fig. 1 is a diagram showing a configuration of a vehicle drive system 100 
according to the present invention. 

Referring to Fig. 1, vehicle drive system 100 includes a battery 38, a three-phase 
inverter 36 receiving energy from battery 38 during power running and returning energy 
5 to the battery during regenerative operation, and a rotating electric machine 1 in which 
current and voltage for each of U-phase, V-phase, and W-phase coils are controlled by 
three-phase inverter 36. 

Three-phase inverter 36 includes IGBTs 52-62, each of which is a power 
semiconductor element. IGBT 52 and IGBT 54 are connected in series between 
10 positive and negative electrodes of battery 38, and their connection node is connected to 
the U-phase coil of the motor. IGBT 56 and IGBT 58 are connected in series between 
the positive and negative electrodes of battery 38, and their connection node is 
connected to the V-phase coil of the motor. IGBT 60 and IGBT 62 are connected in 
series between the positive and negative electrodes of battery 38, and their connection 
15 node is connected to the W-phase coil of the motor. 

Vehicle drive system 100 further includes an accelerator pedal position sensor 41 
detecting an accelerator pedal position of the driver, and a controller 40 receiving 
rotation information P from the motor to control three-phase inverter 36 in accordance 
with an output of accelerator pedal position sensor 41 . Controller 40 includes a CPU, 
20 a ROM, a RAM and the like, not shown, to control a gate of each of IGBTs 52-62. 

Vehicle drive system 100 further includes a reduction gear 34 connected to an 
output shaft 44 of the motor, and a wheel 32 connected to an output shaft 42 of 
reduction gear 34. 

Fig. 2 is a cross section showing a shape of a first embodiment of rotating 
25 electric machine 1 in Fig. 1. 

Referring to Fig. 2, a rotating electric machine 1 A includes a stator 2 and a rotor 

3. 

Each of stator 2 and rotor 3 is formed of stacked magnetic steel sheets. The 
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central portion of rotor 3 is provided with a rotary shaft 4 penetrating the center of the 
magnetic steel sheets. Rotating electric machine 1 serves as a motor during power 
running for driving a vehicle, whereas it serves as a generator during regenerative 
operation for braking a vehicle. 
5 Stator 2 includes a stator yoke 13, stator cores 14 connected to stator yoke 13, 

and a coil, not shown, wound around each of stator cores 14. 

Rotor 3 is provided with slits 22, 24, 26, and 28, each of which serves as a flux 
barrier blocking a magnetic flux. A direction shown by an arrow in Fig. 2 is a forward 
direction along which the rotor rotates when the vehicle moves forward, and each of the 
10 slits has a width tapering down from a trailing position to a leading position with respect 
to the forward direction. 

Fig. 3 is a cross section showing a shape of a second embodiment of rotating 
electric machine 1 in Fig. 1 . 

Referring to Fig. 3, a rotating electric machine IB includes a stator 30 and a 
15 rotor 33. 

Stator 30 includes a stator yoke 43, stator cores 45 connected to stator yoke 43, 
and a coil, not shown, wound around each of stator cores 45. 

Rotor 3 is a four-pole rotor in which two pairs of salient poles are formed. A 
salient pole 35 is tilted with respect to an axis X-X and has a bilaterally-asymmetric 
20 shape. A direction shown by an arrow in Fig. 2 is a forward direction along which the 
rotor rotates when the vehicle moves forward, and salient pole 35 is tilted in a direction 
tilted from a trailing side to a leading side with respect to the forward direction, and 
from the rotation center to the outside. 

As to the shapes of the rotors shown in Figs. 3 and 4, the rotation in a reverse 
25 direction opposite to the forward direction shown by the arrow causes larger magnetic 
flux linkage than the rotation in the forward direction, and hence generates high torque 
and high counterelectromotive force. Therefore, in the reverse direction, the rotor 
cannot serve as a motor to produce an output unless high voltage is applied thereto. 
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Accordingly, the torque generated in the reverse direction is used for regenerative 
operation. 

Fig. 4 is a diagram showing a current-voltage characteristic of battery 38 in Fig. 

1. 

5 Referring to Fig. 4, since battery 38 has internal resistance, voltage between 

terminals thereof drops more as current is increased during power running, i.e. during 
discharge operation. In contrast, voltage between terminals thereof rises more as a 
magnitude of current is increased during regenerative operation, i.e. during charge 
operation. In Fig. 4, a direction of current being discharged is set to be positive. 

10 In the present invention, when a motor vehicle is driven, performance is 

improved in a well-balanced manner between power running and regenerative operation 
in consideration of voltage fluctuations during power running and regenerative operation. 

Fig. 5 is a diagram showing an operational characteristic exhibited when a 
maximum output of the rotating electric machine used for the present invention is 

15 controlled. 

Referring to Fig. 5, the first quadrant shows a running state that generates 
positive motor speed and positive torque, the second quadrant shows a running state 
that generates negative motor speed and positive torque, the third quadrant shows a 
running state that generates negative motor speed and negative torque, and the fourth 

20 quadrant shows a running state that generates positive motor speed and negative torque. 
Note that the motor speed in the forward direction shown by the arrow in each of Figs. 
2 and 3 is set to be positive. 

In other words, the first quadrant shows power running performed when the 
vehicle moves forward, the second quadrant shows power running performed when the 

25 vehicle moves backward, the third quadrant shows regenerative operation performed 
when the vehicle moves backward, and the fourth quadrant shows regenerative 
operation performed when the vehicle moves forward. The first quadrant and the third 
quadrant show curves point-symmetric with each other, and the second quadrant and the 
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fourth quadrant also show curves point-symmetric with each other, because the 
directions of torque generated at the rotor are same while the rotation directions of the 
rotor are opposite. 

In Fig. 5, a magnitude of an output shown by a maximum power curve in the 
5 first quadrant, i.e. during power running, is designed to be larger than that shown by a 
maximum power curve in the sixth quadrant, i.e. during regenerative operation. It is 
noted that the characteristic shown in Fig. 5 is exhibited when fixed power supply 
voltage is supplied. By adopting a rotor having the shape shown in each of Figs. 2 and 
3, an output in a curve PI can be made larger than that in a curve P4. In this case, 
10 maximum torque generated when motor speed is low is smaller in curve PI than in curve 
P4. 

A maximum output during power running indicates a maximum work at which 
the rotary shaft is accelerated by positive torque, while a maximum output during 
regenerative operation indicates a maximum work at which the rotary shaft is 
15 decelerated by negative torque. 

Fig. 6 is a diagram showing an operational characteristic exhibited when a 
maximum output of the rotating electric machine used for the present invention is 
controlled in consideration of voltage fluctuations of a battery. 

Referring to Fig. 6, dashed lines show the case of a reluctance motor having a 
20 conventional rotor having a bilaterally-symmetric shape. As described in Fig. 4, battery 
voltage is decreased during power running. Because of the decrease in battery voltage, 
a maximum power curve W3 during power running is shifted toward smaller magnitudes 
of the torque. 

As described in Fig. 4, a magnitude of battery voltage is increased during 
25 regenerative operation. Accordingly, a maximum power curve W4 is shifted toward 
larger absolute values of the torque. In other words, an output in curve W3 during 
power running is significantly decreased when compared with an output in curve W4 
during regenerative operation. If a conventional technique is used to design a motor 
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such that a sufficient output can be obtained during power running, the motor exhibits a 
characteristic too enough for regenerative operation. 

In contrast, solid lines Wl and W2 show the case of the present invention. 
When the curves shown in Fig. 5 are shifted under the influence of the voltage 
5 fluctuations of the battery, it is possible to implement the motor well-balanced between 
maximum power curve Wl during power running and maximum power curve W2 
during regenerative operation, as shown in Fig. 6. 

It is clearly understood that the embodiments disclosed herein are by way of 
illustration and not to be taken by way of limitation in all aspects. The scope of the 
10 present invention is indicated not by the description above but by the appended claims. 

It is intended to embrace all the modifications falling within the scope of the claims and 
meanings equivalent thereto. 
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